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Introduction
Median sternotomy remains the most commonly-used 
incision for cardiac surgery due to its ease of performance and 
optimal exposure of the heart (Shih et al 2004, Kouchoukos 
2000, El Gamel et al 1998, McGregor et al 1999, Robicsek et 
al 2000). Postoperatively, sternal non-union and instability 
occur in 2–16% of individuals (Kouchoukos 2000, Robicsek 
et al 2000, El-Ansary et al 2000a and b). Sternal instability 
is described as abnormal motion of the sternum due to bony 
fracture, or disruption of the sternal wires inserted to re-
attach the surgically divided sternum (Robicsek et al 2000). 
Sternal debridement and rewiring operations are sometimes 
possible, however, long-term studies report that 42–45% of 
these individuals complain of persistent sternal instability 
(Yuen et al 1995, Ringelman et al 1994).
Because the disrupted sternum is no longer functioning as a 
single bone, but as two sections, the trunk region becomes 
unstable during upper body movement. This instability may 
affect the normal recruitment of the abdominal muscles prior 
to trunk movement, in turn leading to inadequate protection 
of the anterior chest from forces due to everyday activities 
resulting in pain and discomfort when such activities are 
attempted. Recent evidence suggests that the recruitment 
patterns of the trunk muscles in individuals with low back 
pain are altered in response to the loads applied when 
performing upper limb tasks (O’Sullivan et al 1998, Hodges 
and Richardson 1999, Richardson et al 2004, Soderberg and 
Barr 1983). One possibility for rehabilitation in individuals 
with sternal instability may lie in training muscles that could 
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act to reduce excessive motion of the two sternal edges.
There are a number of muscles that depress and draw 
the ribs in towards the sternum, including the internal 
intercostals, the diaphragm and the transverse thoracis 
muscle (Moore 2006). In addition, several muscles pass 
from the pelvis to the sternum and the lower ribs, and these 
include the rectus abdominis, internal oblique, external 
oblique and transversus abdominis (Moore 2006). The 
transverse thoracis muscle, which passes from the xiphoid 
and inferior sternum to the costal cartilages of ribs 2 to 6, is 
a continuation of the transverse abdominis (Moore 2006).
It has been suggested that contraction of muscles with 
a transverse orientation such as transverse abdominis 
produces forces that result in a ‘corset-like’ action and 
thus significantly decrease the laxity of the sacroiliac joint 
(Snijders et al 1995, Snijders et al 1998, Richardson et al 
2002). The sternotomy incision during cardiac surgery is 
oriented in the sagittal plane and lies in a similar direction 
to the sacroiliac joint. Contraction and activation of the 
abdominal and anterior thoracic cage muscles may assist 
in stabilising the divided sternum, thereby achieving 
reductions of excessive motion in the anteroposterior 
and cephalocaudal planes during movement of the trunk. 
Minimising the degree of excessive motion between the 
two sternal edges in the patient with an unstable sternum 
may reduce the associated pain and discomfort reported 
by individuals, and thus provide a conservative option for 
sternal instability.
Trunk stabilisation exercises reduce sternal separation in 
chronic sternal instability after cardiac surgery:  
a randomised cross-over trial
Doa El-Ansary1, Gordon Waddington2 and Roger Adams1
1The University of Sydney  2University of Canberra 
Australia
Question: Do trunk stabilisation exercises reduce sternal separation and pain, and improve the quality and control of the 
performance of tasks in individuals with chronic sternal instability? Design: Randomised crossover study with concealed allocation 
and intention-to-treat analysis. Participants: Nine individuals with chronic sternal instability following a median sternotomy for 
cardiac surgery. Intervention: The experimental intervention consisted of six weeks of trunk stabilisation exercises; the control 
intervention was no exercises. Outcome measures: Outcomes were sternal separation measured by ultrasound in mm, pain 
during the performance of nine everyday tasks measured on a 100-mm visual analogue scale, and the quality and control 
of the performance of two tasks scored on a 100-mm visual analogue scale. Results: Overall, sternal separation during the 
period of trunk stabilisation exercises decreased by 6.2 mm (95% CI 3.5 to 8.9) more than during the control period. Overall, 
pain decreased when performing everyday tasks by 14 mm (95% CI 5 to 23) more than during the control period. Overall, task 
performance during the period of trunk stabilisation exercises did not improve (mean difference 10 mm, 95% CI –3 to 22) more 
than during the control period. Conclusion: Trunk stabilisation exercises should be included in the rehabilitation of individuals 
who experience sternal instability following cardiac surgery. A larger trial is warranted to determine if stabilisation exercises 
are beneficial in improving the quality and control of task performance. [El-Ansary D, Waddington G, Adams R (2007) Trunk 
stabilisation exercises reduce sternal separation in chronic sternal instability after cardiac surgery: a randomised 
cross-over trial. Australian Journal of Physiotherapy 53: 255–260]
Key words: Randomized Controlled Trial, Abdominal Muscles, Physical Therapy, Cardiac Surgical Procedures, 
Ultrasound Imaging, Sternum, Postoperative Complications
To measure sternal instability, a method of quantifying 
sternal separation is needed. Several researchers have 
reported ultrasonography to be a reliable and non-invasive 
means of quantifying sternal separation in individuals with 
sternal instability (El-Ansary et al 2007a and 2007b) and 
of detecting muscle contraction and measuring its cross 
sectional area (Sapsford and Hodges 2001, Hodges et al 
2003, Yip et al 2003).
This study was carried out to determine the effect of a 
program of trunk stabilisation exercises in individuals with 
chronic sternal instability. The research questions were:
1.  Do trunk stabilisation exercises reduce sternal 
separation and pain?
2.  Do trunk stabilisation exercises improve the quality 
and control of the performance of tasks?
Method
Design
In this prospective, randomised cross-over trial, participants 
acted as their own controls (Figure 1). Individuals with 
sternal instability after cardiac surgery were recruited via 
an advertisement placed in the physiotherapy practice of 
the second author. When sufficient numbers of participants 
had been recruited, their names were randomly drawn out of 
an envelope by a person independent of the trial, with each 
alternate name being allocated to receive the experimental 
intervention (trunk stabilisation exercises) either first or 
second. Outcome measures were collected before the first 
6-week period of intervention, after the first 6-week period 
of intervention, and then again after the second 6-week 
period of intervention. A physiotherapist who was not 
blinded to allocation measured sternal separation and the 
participants were not blind when they reported their pain 
ratings. However, 10 physiotherapists independent of the 
trial acted as blinded assessors of the quality and control of 
two tasks (supine lying to sitting, reaching in sitting), from 
clips of video footage arranged in random order. Approval 
to conduct the trial was obtained from the Human Research 
Ethics Committee of The University of Sydney. Informed 
consent was obtained prior to participation in the trial.
Participants
Individuals were included if they scored ≥ 2 on the Sternal 
Instability Scale (El-Ansary et al 2000a, El-Ansary et al 
2007a) following physical examination by a cardiac surgeon 
and a physiotherapist. The Sternal Instability Scale rates 
sternal separation from 0 (stable sternum with no detectable 
motion) to 3 (completely separated sternum with marked 
increase in motion). Individuals were excluded if they had 
any shoulder condition that would preclude them from 
participating in the exercise program.
Intervention
The experimental intervention consisted of trunk 
stabilisation exercises. The exercises were undertaken for 
ten minutes twice daily and were progressed weekly. The 
chief investigator instructed the participants in contraction 
of the abdominal muscles (with an emphasis on the 
transverse abdominis) utilising ultrasonography for visual 
feedback and verification of contraction. Participants were 
to contract their abdominal muscles in a variety of positions 
including supine lying on a noodle, side-lying, sitting, 
sitting with unilateral and bilateral arm elevation, sitting 
with resisted unilateral and bilateral arm elevation, standing 
with unilateral and bilateral arm elevation, and standing with 
resisted unilateral and bilateral arm elevation, as described 
by Lee (2003). (See Appendix 1 on the eAddenda for the full 
trial method.) Each participant was given a piece of foam 
hydrotherapy pool float, or ‘noodle’, that was bent into an 
inverted ‘U’ held in place by strapping tape (Figure 2). Pilot 
work had shown that when this device was located under the 
participant in supine, adjacent to the scapulae, some sternal 
closure ensued, and this provided a base on which exercise 
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Week
Stabilisation exercises Nothing
0
Stabilisation exercisesNothing
6
12
Randomised (n = 9)
Measured sternal separation ×2, pain × 9, task performance × 4
 (n = 5)    (n = 4)
Measured sternal separation × 2, pain × 9, task performance × 4
 (n = 5)    (n = 4)
Measured sternal separation × 2, pain × 9, task performance × 4
 (n = 5)    (n = 4)
Figure 1. Design and flow of participants through the study.
Period
1
2
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Pain was measured during task performance using a 
visual analogue scale. At the commencement of the trial, 
participants were asked to nominate tasks that produced pain 
and discomfort. From these we developed a set of nine tasks 
that were difficult for individuals with sternal instability to 
perform. The tasks included: rotating the trunk, swinging the 
arms when walking, side lying, driving, sitting to standing, 
supine to sitting, suddenly losing footing, coughing, and 
reaching above shoulder height. Pain was scored on a 100-
mm visual analogue scale with the numbers 1 to 10 spaced 
evenly along the line. Scale extremes were marked as ‘no 
pain’ on the left and ‘worst possible pain’ on the right side 
of the scale (Coulson et al 2006). Participants scored their 
pain during task performance over the previous week by 
circling a number or marking the line.
Task performance was measured by rating video footage of 
two tasks for quality and control: supine lying to sitting, 
and reaching in sitting for a cylindrical object on a table. 
Participants were asked to go from supine lying to sitting 
with their legs over the edge of a 75 cm-high bed by rolling 
onto their left side and pushing up with both arms. They 
were also asked to reach in sitting from a chair placed at a 
set distance from a table to a cup placed at a marked point 
on the table, pick the cup up, bring it up to their mouth, and 
return it to the marked point on the table. Video footage was 
recorded using a digital camera, and a DVD of randomized 
clips of all participants performing the two tasks on the 
three measurement occasions was constructed. Quality 
and control was scored on a 100-mm horizontal line with 
the numbers 1 to 10 spaced evenly along the line. Scale 
extremes were marked as ‘low’ on the left and ‘high’ on 
the right side of the scale (Coulson et al 2006). Therapists 
scored the task performances by circling a number.
Figure 2. A modified foam hydrotherapy pool float, or 
‘noodle’, was bent into an inverted ‘U’ and held in place by 
strapping tape to facilitate sternal closure in supine so that 
exercises could be undertaken with less pain.
in supine could take place with less pain. Diaries were used 
to record exercise and participants were also encouraged 
to record comments about their general health. In addition, 
there was weekly contact by telephone to check progress 
and compliance.
During the control period, participants were asked not 
to do stabilisation exercises. For the duration of the trial, 
participants were asked to maintain their usual activities but 
not to commence new activities.
Outcome measures
The outcomes were sternal separation, pain, and performance 
of tasks. Sternal separation was measured from ultrasound(a) 
in two positions: supine lying and sitting. To determine 
whether any micro-adjustments made by participants 
influenced the degree of sternal separation, measures were 
recorded in a standardised position or in a comfortable 
position selected by the patient. Therefore, sternal separation 
was measured in supine lying either with the head of the 
treatment couch at 30 degrees inclination with the support 
of one pillow or in a comfortable supine position selected 
by the participant, and in sitting in a chair with a medium 
height back or in a comfortable sitting position selected by 
the participant. For each participant, the region of greatest 
instability along the sternum was identified by the chief 
investigator using the Sternal Instability Scale, and the skin 
was marked to give a reference point for all measurements 
(El-Ansary et al 2000a, El-Ansary et al 2007a and 2007b). 
Transverse separation between the two sections of the 
sternum was measured in millimetres from the projected 
image (Figure 3).
Figure 3. Ultrasound image showing an anteroposterior 
view of the sternum of a participant lying in supine. It 
is separated into two sections, A and B. The margin of 
each section is highlighted, with the most superficial 
points marked with a cross. The transverse (side-to-side) 
separation is 12.7 mm but there is also an anteroposterior 
separation of 6 mm.
Discussion
After undertaking a six-week exercise program targeting 
muscles of the anterior chest wall and abdomen, a group 
with sternal instability after cardiac surgery showed a 6 
mm reduction in the distance between the two sides of the 
separated sternum when seated and in supine, representing 
a 35% reduction of their initial sternal separation, compared 
with a six-week control period of no exercise. The likely 
mechanism for achieving closure of the sternal separation 
in this group with chronic sternal instability is described by 
Snijders et al (1995, 1998). This biomechanical model details 
a ‘bracing effect’ of the transversely-oriented muscles of the 
anterior trunk, effectively ‘closing’ the sacroiliac joint at the 
base of the trunk (Snijders et al 1995, Snijders et al 1998).
After the exercise intervention, having less sternal separation 
was also associated with some pain reduction. The three 
tasks that demonstrated a clinically-worthwhile decrease in 
pain were side-lying, swinging the arms, and rotating the 
trunk. Arguably, for all these tasks, it is possible to recruit 
newly-exercised abdominal and trunk muscles to enable 
less painful performance of the task, so these findings are 
consistent with an effective intervention. A possible reason 
that a large effect was obtained over a six-week period is 
the adaptation of de-conditioned muscle in response to 
exercise. Avoiding movement in order to avoid pain de-
conditions muscle, whereas exercise improves muscle 
function. The improvement found in the current study is 
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Data analysis
A previous ultrasound study of eight individuals measured 
sternal separation as a mean gap of 15.3 mm (SD 5.1) (El-
Ansary et al 2007a.). A reduction of 5 mm in the gap was 
considered clinically worthwhile. Nine participants were 
required to be able to detect a reduction of 5 mm with 
80% power. Mean (SD) and mean difference (95% CI) 
were calculated to examine the effect of trunk stabilisation 
exercises on sternal separation, pain, and task performance. 
Analysis of variance was used to examine differences in 
the conditions (position, adjustment for comfort) during 
the measurement of sternal separation and differences in 
the difficulty of the performance of the two tasks (reaching 
in sitting and supine lying to sitting). Analysis was by 
intention-to-treat.
Results
Flow of participants through the trial
Nine participants (eight males) with a mean age of 64 years 
(SD 12, range 49 to 80) volunteered for the trial (Table 
1). All participants reported discomfort, crepitus, and an 
unstable feeling or excessive motion, which interfered with 
their level of function or comfort. No participants withdrew 
from the trial (Figure 1).
Compliance with trial method
All participants completed the trial and no adverse effects 
were reported. Inspection of participant diaries showed that 
of the possible 378 training days, 25 days were missed due 
to illness, giving an overall compliance rate of 93%.
Effect of intervention
Group data for sternal separation, pain, and task performance 
are presented in Table 2 while individual data are presented 
in Table 3 (see Table 3 on eAddenda).
During the period of trunk stabilisation exercises, sternal 
separation decreased in supine lying by 6.6 mm (95% CI 
3.7 to 9.6, p = 0.001) and in sitting by 5.8 mm (95% CI 3.0 
to 8.6, p = 0.001) so that, overall, it decreased by 6.2 mm 
(95% CI 3.5 to 8.9, p = 0.001) more than during the control 
period. There was 1.9 mm more sternal separation (p = 0.08) 
in supine lying than sitting whereas there was only 0.03 mm 
less separation (p = 0.96) after adjusting for comfort.
During the period of trunk stabilisation exercises, pain 
when rotating the trunk decreased by 32 mm (95% CI 10 to 
54, p = 0.01), pain when swinging the arms during walking 
decreased by 21 mm (95% CI 6 to 36, p = 0.01), and pain 
when side lying decreased by 18 mm (95% CI 9 to 29, p = 
0.002) more than during the control period. Although pain 
did not decrease significantly more during performance of 
the other six tasks, overall, it decreased by 14 mm (95% CI 
5 to 23, p = 0.01) more than during the control period.
During the period of trunk stabilisation exercises, only 
control of reaching in sitting increased more than during 
the control period (by 10 mm, 95% CI 0 to 20, p = 0.05) 
so, overall, task performance did not improve significantly 
(95% CI –3 to 22, p = 0.11). Both the quality (p = 0.01) 
and the control (p = 0.008) of supine lying to sitting were 
worse than reaching in sitting, consistent with it being more 
demanding than reaching for those with sternal instability.
Table 1. Characteristics of participants at baseline. 
Characteristic Participants (n = 9)
Age (yr), mean (SD) 64 (12)
Gender, (M:F) 8:1
Type of surgery, (CABG:AVR) 7:2
Time since surgery (yr), mean (SD) 3.9 (3.2)
Grade on Sternal Instability Scale  
(0 to 3), median (IQR)
3 (3)
Risks to wound healing, n (%)
 Obesity 7 (78)
 Diabetes 3 (33)
 Alpha adrenergic agents 3 (33)
 Smoker 1 (11)
 Known osteoporosis 2 (22)
 Renal failure 1 (11)
 Post menopausal 1 (11)
Problems prior to surgery, n (%)
 Back pain 6 (67)
 Amputation 1 (11)
 Nil 3 (33)
Problems since surgery, n (%)
 Dry cough 1 (11)
 Fall 2 (22)
  Poor compliance with sternal 
precautions
3 (33)
 Mediastinitis 1 (11)
 Problems with wires 2 (22)
 Chest infection 2 (22)
 Syncopal episodes 1 (11)
 Nil 1 (11)
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similar in magnitude to that for trunk expiratory muscles 
described by Baker et al (2005) who reported 41% and 
51% improvements in strength after four and six weeks of 
exercises respectively.
There were three tasks that showed no decrease in pain with 
the stabilisation exercises: coughing, sudden loss of footing, 
and reaching above shoulder level. It seems likely that these 
tasks are unpredictable and allow little time for recruitment. 
Reaching above the head may constitute the application 
of an additional load on the sternum, through rotation of 
the scapula and the clavicle, which exceeds the potential 
bracing effect offered through the exercises undertaken.
There were three tasks that showed a trend towards a decrease 
in pain with the stabilisation exercises: driving, sitting to 
standing, and supine lying to sitting. We hypothesise that 
these tasks are either unpredictable (driving), or apply large 
loads to the sternum (supine to side-lying, standing up) 
and thus need a longer training period than the allocated 
Table 2: Mean (SD) of interventions, mean (SD) difference within interventions, and mean (95% CI) difference between 
interventions for all outcomes.
Outcome Interventions Difference within 
interventions
Difference between 
interventions
Exp Control Exp Con Exp minus Con
Pre Post Pre Post Post minus Pre Post minus Pre Post minus Pre
Sternal separation (mm)
 Supine lying
 
 Sitting
 
 Overall
18.0
(7.4)
14.6
(4.0)
16.3
(5.6)
10.9
(3.8)
9.7
(2.3)
10.3
(2.7)
13.5
(5.5)
11.5
(2.9)
12.5
(4.0)
13.0
(3.6)
12.4
(2.7)
12.7
(3.0)
–7.1
(4.2)
–4.9
(2.8)
–6.0
(3.3)
–0.5
(2.4)
0.9
(1.5)
0.2
(1.7)
–6.6
(–9.6 to –3.7)
–5.8
(–8.6 to –3.0)
–6.2
(–8.9 to –3.5)
Pain VAS (0 to 100)
 Rotating trunk 45
(28)
14
(19)
26
(22)
27
(22)
–31
(23)
1
(14)
–32
(–54 to –10)
 Swinging arms 34
(26)
12
(15)
18
(18)
17
(17)
–22
(19)
–1
(3)
–21
(–36 to –6)
 Side lying 40
(13)
18
(15)
30
(17)
27
(15)
–22
(7)
–3
(9)
–18
(–29 to –9)
 Driving 28
(30)
7
(13)
14
(29)
12
(24)
–21
(26)
–2
(7)
–19
(–40 to 2)
 Sitting to standing 38
(15)
12
(12)
28
(25)
19
(19)
–26
(20)
–9
(10)
–17
(–38 to 4)
  Supine lying to sitting 51
(12)
30
(16)
41
(13)
33
(22)
–21
(18)
–8
(20)
–13
(–41 to 14)
  Suddenly losing 
footing
53
(22)
37
(17)
48
(24)
36
(12)
–16
(29)
–12
(22)
–4
(–41 to 33)
 Coughing 46
(11)
34
(12)
47
(19)
38
(15)
–12
(13)
–9
(15)
–3
(–20 to 14)
  Reaching above 
shoulder height
31
(22)
20
(17)
36
(24)
21
(20)
–11
(28)
–15
(20)
4
(–30 to 38)
 Overall 40
(20)
20
(15)
32
(21)
26
(19)
–20
(20)
–6
(13)
–14
(–23 to –5)
Task performance
VAS (0 to 100)
  Quality of reaching in 
sitting
56
(6)
70
(6)
62
(12)
66
(10)
14
(8)
4
(8)
10
(–1 to 20)
  Control of reaching in 
sitting
57
(6)
70
(6)
63
(11)
66
(10)
13
(7)
3
(8)
10
(0 to 20)
  Quality of supine 
lying to sitting
47
(14)
61
(12)
49
(22)
55
(13)
14
(10)
6
(17)
8
(–12 to 28)
  Control of supine 
lying to sitting
45
(14)
61
(11)
49
(22)
53
(14)
16
(9)
4
(16)
12
(–6 to 30)
 Overall 52
(10)
66
(9)
56
(17)
60
(12)
14
(9)
4
(13)
10
(–3 to 22)
six weeks in this study. Further, the sample size was small, 
making the power to detect effects only moderate.
Going from supine lying to sitting represents a difficult 
task for participants with sternal instability. The sternal 
edges tend to be opened maximally when lying in supine, 
the starting position for the task, and it was rated one of 
the most painful tasks to perform. Supine was also the 
position in which participants reported experiencing the 
most symptoms, including disrupted sleep when changes 
in body position (eg, rolling from side-lying to supine) 
occurred at night. Examination of the quality and control 
of the performance of this and another task (reaching in 
sitting) revealed that there was also some improvement 
during the non-exercise period. Some of the improvement 
may have been attention- or strategy-driven, ie, mediated by 
the participants being more careful, as well as searching for 
better strategies to perform the tasks.
Data from this study confirm that individuals with chronic 
sternal instability do have difficulty with everyday tasks 
involving the limbs and trunk, as these tasks challenge a 
non-united sternum. Participants in this study had had 
sternal instability for four years, yet they were still able to 
demonstrate a significant reduction in their symptoms by 
participating in a program of trunk stabilisation exercises 
of relatively short duration. The limitations of this study 
include the small sample size and the duration of the 
training period. Additional research on a larger group in the 
acute phase of cardiac rehabilitation over a longer period is 
indicated.
Footnotes: (a)Dornier MedTech, MicroEnvision Ultrasound. 
Specifications: 7–5 MHz, 3-cm depth, Gain 15, Smoothing 2.
eAddenda: Appendix 1 and Table 3 available at 
www.physiotherapy.asn.au/AJP.
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